Abstract. The problem of optical radiation produced by a bunch of relativistic positrons channeled to a crystalline undulator (CU) is considered. Taking into account the polarization of the crystal medium, an energy threshold takes place to form the radiation. If the energy of the bunch is above the threshold, the radiation is created in a limited frequency range. Both soft and hard boundary photons exist and are emitted at zero angle due to the polarization of the medium. In the case where the ratio between bunch's and threshold energies is much greater than unity, the energy of the boundary soft photons depends only on the characteristic parameters (spatial period, amplitude) of the crystalline sinusoidal undulator and can be tuned to the optical range. It is shown that it is possible to obtain a directed optical beam in the "water window" range. Such photon beams have important applications in medicine and biological research.
Introduction
If CU has the sinusoidal form, then the trajectory of the oscillating positrons, channeled between the crystal planes, on average has the sinusoidal form too. In addition to the channeling radiation, is formed CU radiation. The idea of using an oscillating relativistic bunch of charged particles for the optical radiation formation belongs to Ginsburg [1] . The problem of the X-ray undulator radiation was considered by Korkhmazyan [2] . The gamma radiation of the particles channeled in crystal was investigated by Kumakhov [3] . The channeling phenomena was explained by Lindhard [4] . The characteristics of undulator radiation in the dispersing medium are revealed [5] . In the monograph the different types of the spontaneous electromagnetic radiation was considered [6] . The generation of radiation using CU was proposed in [7] . The spectral distribution of radiation, formed in CU, without [8] and with [9] taking into account the medium 2 polarization was investigated. The modulated bunch coherent radiation at a resonant frequency, formed in the dispersing medium of CU, was obtained [10] . In this work is investigated the possibility of obtaining a sufficiently intense monochromatic directional beam of photons with the energy 0.28 0.54 KeV or with the wavelength 4.4 2.3 nm. In the water and in the carbon the absorption length of these photons is more and less, accordingly, than for the other photons.
The Conservation of Planar Channeling of Positrons in CU
The relativistic positrons, falling parallel to the planes of crystal, interact with many atoms of crystal simultaneously. Therefore, between the crystal planes they move in the average potential field of these atoms. For this field the harmonic potential is a good approximation [6] . are the amplitude and the space period of CU accordingly, therefore, the limiting condition for CU parameter is .
The Photon Number Spectral Distribution, Formed in CU
The radiation wave vector depends on the electric permittivity of medium. Since the radiation generation occurs in the dispersing medium of CU, then permittivity is given by the following formula:
where is the radiation frequency, and is the medium plasma frequency. Ignoring that a positron velocity is changed at the radiation process, and supposing that it moves with the average longitudinal constant velocity in CU (dipole approximation), for the number frequency-angular distribution of radiated photons turns out the following formula [5] , , ,
where is the fine structure constant, is CU length, is CU period number (oscillation number of a positron), is CU frequency (oscillation frequency of a positron), , , is the light velocity in vacuum, is the maximum value of the positron transverse velocity, and are the polar angle and the azimuthal angle of radiation accordingly, is the harmonic number, is the Bessel function of the first kind of order .
In the laboratory frame due to the Doppler effect, the radiation frequency of a relativistic positron is much more than CU frequency ( ). Therefore, the energy & impulse conservation law ( ) is satisfied at the small angles of radiation ( ). The objective of 4 this work is the obtaining directional radiation (at the zero angle). At a zero angle is formed the radiation of first harmonic only.
The photon number frequency-angular distribution for the first harmonic radiation have the following form , 
The photon number frequency distribution at the zero angle is the following ,
.
The relative linewidth of the diffractive sine is equal to .
The soft radiated photon number with the energy and with the relative energy spread is equal to . , .
Тhis choice of corresponds to the channeling conservation condition in CU. Since intensity of photons (the photon number) is proportional to , then for generation of the intensive radiation is necessary to provide the following value at least.
Let the positron bunch has the following parameters (we believe that it is possible to obtain a positron bunch with the same parameters as the LCLS electron bunch): the positron number in bunch is , the positron energy (bunch energy) is GeV ( ), the transverse section is cm 2 ( cm).
CU represents the periodically bent monocrystal of diamond with the space period cm and with the amplitude ( , ), the crystallographic planes (1 1 0) of which have the curved sinusoidal form. The energy of the plasma oscillations of the diamond medium is equal to eV ( cm). For the diamond and (1 1 0) planes, the depth of potential well is =24.9 eV ( ). The condition was satisfied since . Then, on the interact length cm ( ) will be generated the beam consisting of photons with the energy KeV ( nm) and with the relative energy spread of the order . In the result we will obtain the directional beam at the zero angle with the surface density of the order cm -2 .
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Conclusion
It was shown that CU with the certain parameters can serve as the compact radiator for the generation of optical photons, using the relativistic positron bunch. The considering of a certain example was shown the possibility of generation of the monochromatic, intense and directed photon beam with energy from the "water window" region. Such beams of photons are necessary for the biological research and for the practical application in medicine.
